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Abstract
In this study we present evidence of braided plant fibres and basketry imprints on clay recovered from Coves de Santa Maira, 
a Palaeolithic-Mesolithic cave site located in the Mediterranean region of Spain. The anatomical features of these organic 
fibre remains were identified in the archaeological material and compared with modern Stipa tenacissima (esparto grass). 
Based on direct dating, the fragments of esparto cord from our site are the oldest worked plant fibres in Europe. Sixty frag-
ments of fired clay are described. The clay impressions have allowed us to discuss the making of baskets and containers. 
According to their attributes and their functional interpretation, we have grouped them into five types within two broad 
categories, hearth plates and baskets or containers. The clay pieces identified as fragments of containers with basketry 
impressions are less common than those of hearth plate remains and they are concentrated in the Epipalaeolithic occupation 
material (13.2–10.2 ka cal bp). The clay impressions from Santa Maira indicate that some fibres were treated or flattened, a 
preparation process that is known from historical and ethnological sources.
Keywords Perishable technologies · Plant fibres · Imprints on clay · Epipalaeolithic · Spanish Mediterranean region
Introduction
The studies carried out to date on organic and perishable 
materials have not enabled us to establish a prehistoric 
sequence of types or organize the history of the evolution 
of techniques, because they are rarely preserved. Archaeo-
logical typologies have been based on remains that tend 
to survive well, such as pottery and implements of stone 
or bone, rather than on perishable organic material with 
infrequent remains. The recognition of the importance of 
perishable materials for human groups was initially based 
more on ethnological inferences than on archaeological 
evidence. The use of such materials for attaching stone 
and bone tips to lances or spears, and arrow heads used 
together with a bow, and the presence of needles for sew-
ing seemed logical arguments for their presence (Clark 
1952; Clark and Piggot 1965). The use of cordage and 
scaffolding has been identified in some deep caves, and 
these materials were probably used in the earliest transport 
technologies, to tie logs together and form rafts to cross 
the Wallace Line between Asia and Australia and reach the 
Sahul (Davidson 2013). More recently, an ivory tool that 
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could have been used to make rope has been discovered 
from the Aurignacian cave deposits of Hohle Fels, Ger-
many (Conard and Malina 2016).
In addition to these inferences, there is also direct evi-
dence. In the Americas, remains of cordage, basketry and 
textiles from Meadowcroft rockshelter, Paisley caves, Cueva 
del Guitarrero and Monte Verde etc. have been directly 
dated to between 12 and 10 ka bp (Adovasio et al. 2014). 
In the Middle East, Linum usitatissimum (flax) microfibres 
were identified from Dzudzuana Georgia in cave levels 
dated to ca. 30 ka bp (Kvavadze et al. 2009). Also, cordage 
remains were found at Ohalo II, Israel, in a context dated to 
ca. 19.5 ka bp (Nadel et al. 1994). In Europe, textiles have 
been identified on some of the so-called Venus figurines and 
impressions on fire-hardened clay have also been recovered 
from Gravettian sites in eastern Europe, with a chronology 
between ca. 28 and 21 ka bp (Adovasio et al. 1996; Soffer 
et al. 2000).
An age of ca. 17 ka bp was attributed to the cordage iden-
tified from Lascaux (Leroi-Gourhan and Allain 1979). In 
northern Spain, Stone (2011) found evidence from wear on 
bone tools that they had been used for working perishable 
materials, while the Antrea net from Finland was directly 
dated to 9,310 ± 120 bp (Miettinen et al. 2008). Another 
direct dating of textiles comes from the cave site of Cher-
tovy Vorota, Russia, and ranges between 8,215 ± 55 and 
7,710 ± 50 bp (Kuzmin et al. 2012). Later in the Holocene, 
references to finds of tools, wooden structures and plant 
fibres preserved on coasts and in lakes in northern Europe 
become increasingly numerous (Fischer 1995; Wigforss 
2014). These data show that people developed the technique 
of plaiting or braiding and twining fibres, which had various 
applications on different continents and in various situations 
(Adovasio et al. 2014).
These are materials and techniques that are difficult to 
recover archaeologically, except in certain specific preserva-
tion conditions, and for which we only have a significant cor-
pus of finds from the late Mesolithic, Neolithic and onwards 
(Piqué et al. 2018). However, the above references indicate 
that these perishable materials and technologies were in use 
during the Palaeolithic. In fact, the most abundant direct evi-
dence of this coincides with the expansion of Mode 5 lithic 
technology, largely defined by the widespread use of micro-
liths as components of composite tools (Clark 1969). These 
are highly standardized, versatile, multi-functional tools that 
cannot be dissociated from organic materials (Clarke 1976) 
and they have also been related to procurement, consump-
tion and maintenance activities (Leroi-Gourhan 1945). The 
increasing inferences and evidence for fibre-working tech-
niques correspond to the second type of technology applied 
to materials proposed by Hurcombe (2007), related to the 
creation of a new object by sticking, tying and knotting vari-
ous materials; this brings us back to compound tools.
This lack of archaeological visibility contrasts with the 
importance attributed to these perishable materials and tech-
niques in some ethnoarchaeological studies, which highlight 
the extremely high proportion of objects made with them 
and the techniques compared to those made from stone 
and bone (Collins Jr. 1937; Croes 1997). An example of 
exceptional preservation of organic materials is found at the 
Neolithic site of La Draga, Spain (Bosch et al. 2006; Piqué 
et al. 2018).
By studying this kind of evidence, we can analyse the 
use of plant fibres and the corresponding techniques used 
in the western Mediterranean regions of Europe at the end 
of the Upper Palaeolithic. This region contains some of the 
driest areas of Europe (Carrión et al. 2012) which is good for 
preservation of organic remains. The stone working technol-
ogy at that time was based on blade and bladelet production 
for making microlithic armatures, components of composite 
tools. There is extensive evidence for the catching of small 
prey: rabbits, fish or birds (Aura Tortosa et al. 2009).
Two categories of material evidence are presented in 
this paper, fragments of braided cord and other plant fibre 
remains, and fired clay fragments, some showing impres-
sions of plant fibres and smoothed surfaces. The aim of this 
study is to categorize the materials and techniques used in 
making artefacts from plant fibres in order to better under-
stand the use of perishable materials among hunting, fishing 
and gathering societies; these matters affect general issues 
such as the technology, economy, mobility, storage and 
social dynamics of these groups.
Archaeological background
The cave site
Coves de Santa Maira is located in the central Mediterranean 
region of Spain (Fig. 1a). It lies 30 km away from the current 
coastline at 600 m a.s.l. at the head of the river Gorgos. Geo-
logically, the area is part of the Prebaetic units situated in the 
northeast corner of the external zone of the Baetic mountain 
system, characterized in this area by a high relief of calcare-
ous rocks which became folded during the Alpine orogeny. 
Over time, these rocks were uplifted, fractured and eroded to 
form ravines between massive raised limestone cliffs.
The site is a cave formed by a limestone dissolution cavity 
that is sub-triangular in shape and has a single gallery, ca. 
30 m long and 10 m wide (Fig. 1b). The cave was divided 
into two parts, which are called the west sector hall and 
the Corral del Gordo. The materials presented in this work 
come entirely from the west sector.
The sedimentary deposit from the west sector is adjacent 
to a speleothem (a secondary mineral deposit). Its morphol-
ogy and slope determined the sedimentation of units SM-5 
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and SM-4, which form the base and wall of the studied 
sequence. A lower sub-unit (SM-4.2) has been identified 
within SM-4, with more angular material and gravel than the 
upper part (SM-4.1). This upper section has been preserved 
thanks to the collapse of large limestone blocks, so its distri-
bution beneath them is uneven. In both cases the sediment is 
strongly affected by human activity, with a substantial pres-
ence of organic remains. Unit SM-3 was formed after a fall 
of large limestone blocks. This deposit lies in a secondary 
position and slopes steeply into the cave.
The top of unit SM-5 was formed by a series of 1 cm thick 
laminations of varying colours. A sample taken of this layer 
in square AB2 contained carbon spherules (188/kg) embed-
ded with nanodiamonds (38 ppb), thought to be the Younger 
Dryas Boundary layer. It also contained abundant charcoal 
at (4.3 g/kg) and glass-like carbon (0.7 g/kg); no magnetic 
spherules were observed, but the layer contained framboidal 
spherules (3,668/kg). The deposition of nanodiamonds and 
carbon spherules and other kinds of proxy evidence support 
a hypothesis that there was a major cosmic impact event 
at ± 12,800 cal bp at the start of the Younger Dryas cooling 
episode (Kennett et al. 2015).
The west hall archaeological sequence is divided into five 
major sedimentary units (Fig. 1c; Aura Tortosa et al. 2006), 
as follows.
– Final Magdalenian, unit SM-5 was deposited, during 
Greenland Interstadial -1 (GI-1) and Greenland Stadial-1 
Fig. 1  a location of Coves de Santa Maira (Valencian region, Spain); b plan of the archaeological site; c chronostratigraphy, archaeobotanical 
data and archaeological phases of the sedimentary sequence of west sector
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(GS-1) (14.7–11.7 ka cal bp), and it is formed by 1 cm 
thick laminations of mixed colours, which rest on spe-
leothem.
– Epipalaeolithic, unit SM-4 is formed by shale with sand, 
some gravel and small limestone pebbles measuring less 
than 3 cm. The base of unit 4 could be related to the GS-1 
(Younger Dryas), dated to 12.9–11.7 ka cal bp, while the 
upper sequence corresponds to the Preboreal, dated to 
11–10.2 ka cal bp.
– Mesolithic, unit SM-3 shows a considerable dip towards 
the innermost part of the cave. Five sub-units have been 
identified within this, with a similar grain size and varia-
ble colouring. Pebbles and large limestone blocks appear 
at the base and are separate from unit 4. Radiocarbon 
dating places it in the Boreal (10.4–8.8 ka cal bp).
– Neolithic, unit SM-2 has an irregular geometry with 
remains of organic laminations; it was deposited after 
an erosive event affecting the top of the underlying unit 
SM-3.
– Chalcolithic to the Middle Ages: unit SM-1 was dis-
turbed and it was strongly eroded over the underlying 
unit.
The three upper units show considerable bioturbation 
from the activities of rodents and their predators.
The context of the evidence
The end of the Palaeolithic in the central Mediterranean 
region of the Iberian Peninsula was not accompanied by a 
break in the technology, economy and mobility of human 
groups (Aura Tortosa et al. 2011). Changes do seem to be 
evident, though, from ca. 10.5 to 10 ka cal bp, a point at 
which the term Mesolithic starts to be widely applied (Aura 
Tortosa 2001).
Epipalaeolithic and Mesolithic occupations in the west 
hall have yielded important data about the chronology, pal-
aeoenvironment, technology and economy of the inhabitants 
of the cave during the Pleistocene to Holocene transition. 
Human occupations have resulted in palimpsests (intermin-
gled layers of evidence), with high densities of all types of 
remains such as lithic, bones, ornaments, faunal remains, 
mineral oxides, etc. (Verdasco Cebrián 2016). Changes and 
variability in these finds assemblages have made it possi-
ble to identify two Epipalaeolithic phases (Vadillo Conesa 
2018).
The lithic assemblages from unit SM-4 show an inte-
grated production of blades and bladelets, and the blanks 
would have been used for two large groups of tools, end-
scrapers/truncated pieces and microliths. The by-product 
remains are numerous and are present from all the stages 
of the process.
The identification of bone tools such as needles and awls 
contrasts with the limited use of projectile points made from 
red deer antler. Another feature of these occupations is the 
evidence of ochre working, from collection of the raw mate-
rial to the grinding stones used for processing it.
According to charcoal studied by Carrión Marco (2005), 
vegetation in the area of the cave was dominated by junipers 
and evergreen and deciduous oaks. During GI-1, Juniperus 
sp. maintained an important presence, but with an increase 
of Quercus sp. (deciduous and evergreen). From the Prebo-
real, and especially during the Boreal, riverside taxa such as 
Salix-Populus and thermophilous ones increase.
The herbivores that were hunted were primarily Capra 
pyrenaica (Iberian ibex) and then Cervus elaphus (red deer), 
as well as high frequencies of Lagomorpha (hares and rab-
bits), a regional small prey (Morales-Pérez 2016). In the 
final GS-2 occupations, a few remains of Bos sp. (cattle) and 
Equus sp. (horse) have been identified, and with the advance 
of the Holocene, there are more animals of woodland, Rupi-
capra rupicapra (chamois), Capreolus capreolus (roe deer) 
and Sus scrofa (wild boar).
The west hall has also provided information about the use 
of plant foods and the transport of marine molluscs and fish 
to inland sites (Aura Tortosa et al. 2005). These resources 
have enabled us to identify trends and discuss the concepts 
of intensification and diversification during the final Palaeo-
lithic and Mesolithic in the Iberian Peninsula (Aura Tortosa 
et al. 2009).
The density of remains in unit SM-3 is lower and better 
technology is observed in the carving of local raw materials 
(Miret i Estruch 2007). More than 30 human remains from 
at least three individuals have been identified from this unit, 
scattered and mixed with the faunal remains. Their study 
has led to the identification of cannibalism (Morales-Pérez 
et al. 2017). The data obtained show a change in the use of 
the cave, in technology and economy and also a difference 
in the mobility of human groups between the Mesolithic unit 
(SM-3) and those of the late Palaeolithic and Epipalaeolithic 
(SM-5 and SM-4).
Materials and methods
We present two categories of material evidence.
– The first comprises four organic fibre items, three par-
tially charred fragments of plaited or braided cord and 
one piece of raw material which does not show any twist-
ing or work.
– The second group consists of 60 fragments of clay, fired 
to different degrees. Some show smoothed surfaces as 
well as impressions of plant fibres, which show a weav-
ing technique with a twining pattern, arranged in rows.
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Fibre remains were only recovered from unit SM-4. The 
impressions on clay were found in the Final Magdalenian 
(SM-5), Epipalaeolithic (SM-4) and Mesolithic (SM-3) 
units. Of the remains that we have described, 71.7% are from 
the Epipalaeolithic units, or at the boundary with the Final 
Magdalenian ones (6.52%). Unit SM-4 contained not only 
the largest number of fired clay remains, but also most of 
the fibre impressions and remains of plant fibres and cord-
age. Direct dating of the organic short-lived samples places 
these phases of occupation between 9,370 ± 40 bp (Beta-
156021) and 11,600 ± 40 bp (Beta-415937) (Aura Tortosa 
et al. 2005), and an intermediate date has been obtained for 
the fragment of cord mentioned above (10,830 ± 40 years 
bp Beta-438705), which is published for the first time in 
this paper.
The remaining 21.7% of the remains of fired clay come 
from the Mesolithic (SM-3), more specifically from the 
lower half, in contact with Epipalaeolithic evidence. Several 
C14 dates on identified charcoal and bone samples place this 
unit between 8,690 ± 30 bp (Beta-244010) and 9,060 ± 30 bp 
(Beta-416813).
Appropriate procedures have been applied to study each 
of the materials, by the description of the organic material 
and the identification of the preserved plant remains and also 
the study of the fragments of clay with their fibre impres-
sions. Both categories of evidence provide proof of technol-
ogy related to the making of cordage and basketry.
Cord and fibre materials
The analysis of these materials requires the use of accurate 
terminology and careful illustration (King 1978). The cord-
age has been described and classified according to the termi-
nology and descriptive criteria of Adovasio (2010), Emery 
(2009), Hurley (1979), Carr and Maslowski (1995) and 
Jolie (2014), following the descriptions of similar remains 
found at La Draga by Piqué et al. (2018) and Cova des Pas 
(Romero-Brugués et al. 2018).
Finally, we compare historical and ethnographic data 
(Kuoni 1981) with the techniques and processes identified 
from the cord remains and fired clay impressions similar 
to Stipa tenacissima (esparto grass) from Coves de Santa 
Maira.
Botanical identification
This was carried out by observing the plant fibres with a 
reflected light bright field/dark field optical microscope 
using magnifications ranging from 50 × to 1,000 × and with 
a Hitachi S-4100 scanning electron microscope (SEM). 
With these methods, the features and measurements of the 
archaeological plant remains were compared with those of 
modern samples of S. tenacissima leaves and with specialist 
literature on plant anatomy (Metcalfe 1960; Schweingruber 
1990). S. tenacissima was chosen for comparison because it 
is one of the plants that has traditionally been most widely 
used for this purpose (ESM; Alfaro Giner 1984; Barber 
Vallés 2001); all the families and species in the monocot-
yledons are anatomically very similar and are difficult to 
distinguish from one another (Schweingruber 1990), so S. 
tenacissima is representative of the structure that we found.
Study of imprinted fragments of fired clay
The fragments of clay, with and without impressions, were 
observed with a Leica M165C stereo microscope and pho-
tographed for analysis. It was not considered appropriate 
to make positive casts according to the methods described 
by Drooker (1992, pp 251–254), bearing in mind the risks 
discussed by Rieth (2004) regarding the effects on these 
fragile fragments and their potential contamination. The 
measurements were made directly on the image captured by 
the microscope using Leica Application Suite v. 3.
The identifiable impressions were categorized by techno-
logical type according to the procedures in Adovasio (1977, 
2010), Emery (2009), Hurley (1979) and Desrosiers (2013). 
Moreover, a comparison has also been made with ethno-
graphic sources on the use of esparto grass in order to try 
to define the techniques used in making the archaeological 
samples.
Results
The fibres were recovered in two assemblages. The first 
consists of remains of fibres of uneven lengths (12–23 mm) 
that are only slightly twisted at one end, while the second 
consists of three fragments of a cord on which it is possible 
to identify a number of common traits, despite their variable 
state of preservation: the same type of fibres with a similar 
braiding pattern and the same dimensions. These elements 
suggest that they may have formed part of the same object 
(ID 61). Moreover, they were found together (Fig. 2).
The largest of the three fragments (length 3.7 cm, width 
0.3 cm, ID 61 a, Fig. 2) has a regular, compact, braided 
structure formed by three bunches of fibres and was made 
by means of an oblique interlacing or braiding technique 
(Emery 2009; Adovasio 2010; Jolie 2014). Each one com-
prises 10–14 fibres. No previous twisting was observed on 
each of the braided strands and so the fibres must therefore 
have been incorporated and braided to the desired length.
The second fragment has the most poorly preserved 
braided structure, but its characteristics are shared with 
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those described so far (length 1.8 cm, width 0.3 cm, ID 61 
b, Fig. 2).
The third fragment does not have such a compact struc-
ture as the first one and shows frayed ends (length 2.2 cm, 
width 0.4 cm, ID 61 c, Fig. 2). All the fibres recovered from 
unit SM-4 belong to the same taxon.
Botanical identification and dating 
of organic materials
A sample of braided plant fibres was taken from a fragment 
for its botanical identification (Fig. 2b). It was not possible 
to observe the fibres in cross-section due to their lack of con-
sistency. However, study of the longitudinal sections of the 
fibres under both a microscope with reflected light illumina-
tion and SEM suggests that they are from a monocotyledon, 
probably from the Poaceae and, more specifically, from the 
leaves of the plant. The anatomical features of this group of 
plants were identified and compared with modern S. tenacis-
sima samples (Fig. 3).
In long, narrow monocotyledon leaves the epidermal cells 
are usually elongated parallel to the axis of the leaf and the 
stomata are arranged in longitudinal rows in the intercostal 
areas (between the veins). Xerophytic (dry habitat) grasses 
have numerous stomata on the upper (adaxial) surface and 
some larger bulliform cells, the function of which is to protect 
the leaves from drying out (Evert and Eichhorn 2006). The 
leaves roll up in dry conditions to protect the upper surface and 
slow transpiration (Fig. 3, photo 2). Most of the stomata and 
trichomes (hairs, scales or glands on the epidermis or leaf sur-
face) are found on the underside of the leaf. The SEM images 
corroborate the identification as esparto or a similar grass.
The fragments of cordage were treated with Paraloid acrylic 
resin at the Museu Arqueològic Municipal d’Alcoi to preserve 
their integrity. We consulted the Beta Analytic dating labora-
tory about the effects of this treatment on the results of the 
radiocarbon dating. They confirmed that they use a pre-treat-
ment that can remove the organic resin effectively, thus allow-
ing dating by AMS.
The result obtained was 10,830 ± 40 bp (Beta-438705), with 
a calibrated age (68% probability) of 12,730–12,710 cal bp. 
This result makes the fragment of grass cord found at Coves 
de Santa Maira the oldest directly dated evidence of the use of 
braided plant fibres in Europe. At the same time, this means 
that the clay fragments with plant fibre impressions from the 
same stratigraphic context can be regarded as part of the same 
technical process and similar in date.
Fig. 2  a–c fragments of cordage 
from Coves de Santa Maira, unit 
SM-4 (ID 61). Fragment b was 
used to obtain a direct AMS 
date (scale bar = 1 mm)
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The fired clay remains
Based on their morphology and observed features, such as 
signs of thermal alteration, state of the surfaces, presence 
of fibres and impressions, we have classified the fired clay 
remains into five types (Figs. 4, 5; ESM Table 1). This diver-
sity is indicative of a wide range of possible uses of the clay 
in the domestic setting. According to their attributes and 
functional interpretation, we have grouped the remains into 
two broad categories: hearth plates (Types 1–2) and baskets/
containers (Types 3–5), as follows.
– Type 1 fragments are smoothed on one surface and 
untreated on the other. Some of them have plant 
impressions on their smooth surface or inside them, 
showing that they were made using a mixture of clay 
and plant material (Fig. 4). Additionally, the presence 
of laminations caused by the heating or firing process 
is often seen in cross-section.
– Type 2 includes fragments whose surfaces show no 
kind of treatment. However, the presence of plant tem-
per as a binder and lamination due to the effects of fire 
have been identified (Fig. 4).
– Type 3 fragments of fired clay have a smoothed outer 
surface, while there are impressions of basketry on the 
inner, more convex surface. The impressions follow a 
pattern in the only two pieces included in this type. 
Longitudinal bundles of fibres are intertwined trans-
versely with an apparently flexible element, which 
corresponds to open simple twining with s-twist wefts 
(Fig. 5).
– The longitudinal impressions on item 56 are between 
0.8 and 1.2 mm wide and are rounded, although one 
part has a greater width (1.5 mm) and a midrib (Fig. 5). 
The measurements correspond to those of a S. tenacis-
sima leaf. Due to the state of preservation of item 57, it 
is not possible to obtain measurements of these fibres. 
However, the distance between the transverse lines var-
ies between 5.7 mm for item 42 and 9 mm for item 43.
– A single fragment represents Type 4; it is similar to 
Type 3, with a convex, smoothed outer surface, and a 
concave inner surface, but in this case there is no bas-
ketry impression (Fig. 5).
– Type 5 corresponds to two fragments of the same item, 
with an altered outer surface on which unordered plant 
impressions are observed, from plant material which 
must have been mixed with mud as a binder (Fig. 5). 
There are basketry impressions on the concave inner 
surface, following the pattern defined in Type 3. The 
difference in this case is the width of the longitudinal 
lines, which are longer (4.2–4.4 mm), with a distance 
of 7.8 to 6.6 mm between the transverse lines, and there 
are a number of longitudinal incisions in the impres-
sions that in some cases show how these fibres were 
twisted.
The woven basketry structures impressed on Types 3 
and 5 appears to correspond to the same technique, com-
bining the use of paired weft elements and open and close 
twining in each of the fragments (Fig. 5). The structure 
corresponds to a series of vertical warps that are tied as 
paired horizontal weft elements, a very common weave 
structure (Jolie 2014, Fig. 8.4).
The fibre remains and clay fragments appear concen-
trated in 4 m2 of the 17 m2 area excavated. This loca-
tion could be related to topography and natural lighting 
(Fig. 6).
Fig. 3  SEM images comparing modern S. tenacissima and plant 
fibres from Santa Maira SM-4 (ID 61b). Recent S. tenacissima. 1, 
overview of the abaxial (upper) surface of the leaf (magnification 
×130); 3 and 5, details of simple filiform trichomes (×450 and ×900); 
7, cross-section of the leaf and detail of the stomata (×800). Santa 
Maira sample (ID 61b); 2, leaf fragments folded towards the adaxial 
(lower) surface (×100). 4 and 6, details of the trichomes (×500 and 
×600). 8. Cross-section of the leaf (×800)
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Discussion
Cords, mats, baskets or containers
In this study, we have presented evidence, both directly 
from fibres and indirectly from imprints in clay found at the 
Santa Maira cave site, of the use of plant fibres for making 
artefacts. The study has revealed that these were very prob-
ably Stipa tenacissima (esparto grass), a species which was 
traditionally used for making various useful things such as 
cordage, basketry etc.
These remains reflect the long tradition of using plant 
fibres in the Mediterranean region of the Iberian Peninsula 
to make a wide variety of artefacts.
Bunches of 3-strand braided fibres have been identified 
in the three fragments of cord, which may have been part 
of the same artefact; the interlacing of each bundle has 
been observed. Taxonomic study of the material indicates 
that this could be S. tenacissima, a plant with a Mediter-
ranean distribution, or another very similar grass. Cordage 
made from of 3-strand braided fibres is widely documented 
in various contexts and chronologies (Jolie 2014). These 
finds are the oldest evidence of cordage and basketry 
identified and dated in this geographical area so far. Pre-
viously, evidence of the use of basketry has been limited 
to the Neolithic and later prehistoric periods together with 
classical antiquity (Alfaro Giner 1984; Piqué et al. 2018; 
Romero-Brugués et al. 2018).
The artefacts in question are fragments of fibres that were 
plaited or braided. The technique of making one cord is sim-
ple, but multiplying and combining different cords involves 
more complex techniques of basketry and weaving (Leroi-
Gourhan 1945; Adovasio 1977; Emery 2009). This was the 
approach taken when studying the plant impressions from 
Dolni Vestonice I and II and Pavlov I (Soffer et al. 2000), 
in which basketry was considered as a subclass of weav-
ing methods that were used to produce containers, bags and 
mats. The fundamental difference in contrast to textile fab-
rics is that basketry is woven manually, without the use of 
any kind of frame or loom. Fabric is a more flexible material 
woven by using some kind of hanging or horizontal weav-
ing frame. As mentioned in numerous works, the distinction 
between basketry and woven fabric can only be identified on 
well-preserved artefacts and is quite imprecise in the case 
of impressions on clay, which are almost always incomplete 
and small (Soffer et al. 2000).
Fig. 4  Coves de Santa Maira, fired clay types 1–2 (scale bar = 1 cm, see ESM Table 1)
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The fragments of cordage from Santa Maira might repre-
sent the use of cords to bind arrows which could have been 
fired with a bow (Rozoy 1978), among many other applica-
tions. But in this case, the clay impressions from cords could 
represent mats, flexible containers or rudimentary textiles. 
There are numerous questions about the use of such cordage 
for making baskets and carrying equipment such as bags or 
backpacks, etc. and even for clothing; dresses or sandals 
might be represented by our remains, similar to those known 
from the south of the Iberian Peninsula in the Neolithic (cf. 
Alfaro Giner 1984) or the Capsian context in North Africa 
(Morales et al. 2015), but several millennia later than the 
remains described here.
The clay fragments from Santa Maira fall into two cat-
egories. The first (Types 1 and 2) are possibly parts of hearth 
plates, a common archaeological find. They are interpreted 
as fragments of hearths of which the smoothed surface was 
preserved (Type 1) and fragments of any other structure 
built from clay that subsequently came into contact with 
fire (Type 2). They comprise a surface made from mixing 
clay with some kind of plant temper that acted as a binder. 
The firing is the result of occasional or constant application 
of heat to the clay. There may not have been any intention 
of making a fired clay item or structure, in which case the 
artefact in question would be the result of combining clay, 
plant fibres and applying heat. Most of the fragments have 
plant impressions on their smooth surface or inside, and are 
dated to the Mesolithic (Table 1).
The second category, (Types 3–5) consists of impressions 
from fragments of mats or baskets made with braided cords. 
The greatest limitation to working out how they were made 
and for what purpose is the small size of the fragments. 
Nevertheless, the more or less concave section and profile 
of Types 3 and 5 could be the impression of a rope mat made 
with braided cords (Fig. 5). Due to their flexibility, pieces 
of basketry could have been laid on uneven ground, which 
may explain this concave section. However, the treatment of 
the other surface of the clay to the plant impressions is not 
consistent with this idea.
These fired clay fragments with treated surfaces and 
impressions of braided fibres are compatible with the mak-
ing of clay containers, using the basketry as an internal 
structure upon which to build them, but in this case either 
a wider fibre has been used or it is the same fibre which 
had previously been flattened. The impressions resemble the 
fragments of plant fibres described above. Type 4 shares 
these features, but in this case either no inner basketry struc-
ture was used, or it corresponds to an area where there was 
no framework of plant fibres.
The morphology and width of the fragments of cord 
closely match those of the imprints on fired clay. Even 
though the impressed fragments are small, we believe they 
may be oriented according to the vertical position of the 
warp and the horizontal position of the paired weft elements. 
Historical data on basket weaving processes and ethno-
graphic collections support this observation (Barber Vallés 
et al. 1997). In addition, it has been possible to identify from 
such small fragments the process by which the probable S. 
tenacissima was prepared, either fresh, immersed in water, 
plaited or crushed. In the remains described above, we have 
identified two ways in which plant fibres were used to make 
objects. In one, the leaves were twined roughly, without pre-
vious flattening, whereas in the other the leaves were flat-
tened. These are the two methods that continue to be used 
today to work with plant material such as S. tenacissima 
(Fig. 7). The identification of these features suggests that the 
fragments correspond to two different objects.
This second group (Types 3–5) shows the development 
of basketry based on indirect evidence, from imprints in 
fired clay. Thus, it is likely that the braided fibres identified 
among the plant remains were used to make different kinds 
Fig. 5  Coves de Santa Maira, fired clay types 3–5 (scale bar = 5 cm 
with 1 cm divisions) (ESM Table 1)
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of objects, including baskets and containers. The remains 
identified as fragments of containers with basketry impres-
sions are less common than those of hearth plate remains 
and they are concentrated in the Epipalaeolithic levels. 
Their stratigraphic distribution does not correspond to a 
single event, such as making the cords, the flexible con-
tainers and the coated clay. However, the combination of 
this archaeological evidence allows us to propose the exist-
ence of various stages of the same technical process.
Fig. 6  Coves de Santa Maira. 
Distribution plan of the materi-
als analysed. In the upper part, 
distribution of fired clay. In the 
image below, distribution of 
plant fibres and cordage (ESM 
Table 1)
Table 1  Classification of clay fragments and plant fibres based on their morphology
Their characteristics are described in the text
Stratigraphic 
units
14C dates (ka cal bp) Archaeol. phases Hearth plates Baskets or containers Fibres
Type 1 Type 2 Type 3 Type 4 Type 5 Twined
SM-3 10.4–8.8 Mesolithic 3 5
M/E contact 2 3
SM-4 12.9–10.2 Epipalaeolithic 16 19 2 1 2 1 (3) 1
SM-5 14,7–13 Final Magdalenian 6 1
Sum 27 28 2 1 2 1 (3) 1
Total 55 5 4
Vegetation History and Archaeobotany 
1 3
In addition to making baskets or containers with S. tena-
cissima fibres, the fragments with imprints show how flex-
ible containers would have been coated in clay. We do not 
have any evidence to show what they were used for, but 
ethnographic information from Morocco confirms the use of 
such containers for storing liquids (I. Ziani, personal com-
munication). Mud or animal fat could have been used to seal 
the container and prevent liquid from leaking out.
We do not know whether the firing of this clay coating 
on the containers was accidental or intentional. As found in 
western Russia, flexible containers seem to have been used 
as moulds for making the first pottery (Zhushchikhovskaya 
1997; Kuzmin 2006). But the firing could also have been 
unintentional if the clay containers were used for cooking 
or came into contact with fire accidentally.
Beside the data cited above, there is another reference to 
the firing of clay to make the animal figurines found at the 
Epigravettian site of Vela Spila, Croatia, dated to 17.5–15 ka 
bp, which the authors relate to the Pavlovian-Gravettian tra-
dition (Farbstein et al. 2012). In this case, these working pro-
cesses are linked to the creation of shapes and designs that 
seem to be symbolic or connected with beliefs, whereas the 
materials presented here seem to have had a more domestic 
or utilitarian purpose.
In any case, there is no evidence that enables us to 
relate the possible containers described here to Neolithic 
impressed pottery, the coastal expansion of which dates to 
around 7.5 ka cal bp (Isern et al. 2017), far later than the 
evidence presented in this paper.
A small number of imprints have been identified, leading 
to discussion as to whether the use of clay to reinforce flex-
ible containers could be considered evidence of the develop-
ment of a technology that was intended for storage purposes. 
In this case, the clay containers would have been heavier and 
more fragile than the flexible ones. Their use as pots for stor-
ing or cooking liquids, as well as for carrying them, seems 
to be a plausible purpose. Since the cave would only have 
been occupied periodically by these nomadic people, these 
containers would have remained there, only being used dur-
ing periods of occupation. The making of these containers 
may have been a seasonal activity, as well.
Ingold (1983) discussed the development of storage 
(population increase, sedentism, trade and risk buffering) 
and proposed three storage categories (ecological, practical 
and social storage), of which practicality is the one that is 
most consistent with the remains found at Santa Maira. It 
would have been a solution that required little maintenance. 
It also sheds light on how human groups would have used 
the land and its resources, particularly the intensive hunting 
of small prey (Aura Tortosa et al. 2002, 2009; Morales-Pérez 
2016), gathering useful plants (Aura Tortosa et al. 2005) 
and obtaining marine fish and shellfish (Aura Tortosa et al. 
2016). Transport of these resources from the coast or their 
relationship with the gathering and processing of fruits, nuts 
and seeds (Geib and Jolie 2008) may be other possible uses 
of basketry. These relate to two of the types of indirect evi-
dence of the use of storage discussed by Rowley-Conwy and 
Zvelebil (1989).
The relationship between technologies using perishable 
materials, means of storage, regional mobility patterns and 
social complexity are other aspects discussed in the literature 
(Cunningham 2011). In fact, general models have been pro-
posed with various levels of complexity, from highly mobile 
groups to sedentary territorial groups that practised stor-
age (Rowley-Conwy 1999). In the case of Santa Maira, the 
data on the sources of the raw materials for the carved stone 
industry and marine resources brought from the coast point 
to the combined use of both coastal areas and ones at middle 
altitudes in inland valleys. These data suggest increasing ter-
ritoriality towards the end of the Palaeolithic in this region, 
an idea that is now supported by this evidence of organic 
Fig. 7  Twined fibre imprints on clay from Santa Maira (ID 60 and 
58) on the left and an illustration on the right. Below, the twining 
structure is shown
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materials, which may have played a part in short-term stor-
age strategies.
Another important aspect that has been covered by 
numerous works on perishable materials is the matter of 
who would have done the work with clay and basketry. The 
ethnological and ethnohistorical data suggest that this may 
have been a female task (Conkey 1991; Soffer et al. 2000; 
Adovasio et al. 2007), although in our case, we have no data 
to approach this issue.
Conclusions
The fibres recovered from unit SM-4 belong to the same taxa 
as the braided fibres, so we consider that all of them were 
selected for their particular qualities. They were gathered 
and brought to the cave by the human groups that inhabited 
it, and made into basketry.
Evidence of the use of plant fibres by prehistoric hunters, 
fishers and gatherers is scarce and often indirect. The recov-
ery of these artefacts has enabled us to reconsider the lack 
of visibility in the archaeological record of the things made 
from perishable organic material during the Palaeolithic and 
Mesolithic periods. Most works on technologies with these 
materials suggest that they would have formed parts of arte-
facts, working processes and various economic and social 
activities, which may have been vital for the survival and 
identity of the societies that produced them. However, the 
direct evidence from perishable materials is very scarce, thus 
preventing us from making inferences about their involve-
ment in various processes.
The plant fibres from Santa Maira had been braided to 
create a cord using a plaiting technique and they are the 
earliest dated evidence of their kind for western Europe. 
The taxonomic identification indicates that these fibres are 
from S. tenacissima or another closely related grass. The 
evidence discussed here comes from an archaeological site 
which was recurrently occupied at certain times by small 
groups of hunter-gatherers from around 16 ka cal bp, while 
they used coastal and mid-mountain resources.
In addition to the twined plant fibres, we have described 
fragments of fired clay that can be grouped into two broad 
categories based on their features. The most frequent 
includes fragments that we have related to the use of clay 
within a domestic setting, possibly fragments of hearth 
plates. The second is represented by a few fragments indicat-
ing that the application of clay to containers made from plant 
fibre was a practice that may have been linked to the need 
for vessels capable of holding liquids or even for cooking. It 
cannot be confirmed whether the firing of these vessels was 
accidental or intentional.
We do not know of any references from anywhere else 
in southern Europe about the identification of braided cord 
made from esparto or a similar grass, or fired clay impres-
sions from cultural and chronological contexts like the ones 
described in this work. These data reveal the bias involved in 
the rarity of perishable materials from European Palaeolithic 
and Mesolithic contexts due to poor preservation of organic 
material, so our knowledge about cultural material made 
from leather, wood or plant fibres and the techniques used 
to make them remains weak and fragmented. Our evidence 
for the use of these materials has important implications, as 
it enables us to carry out a more detailed analysis of storage, 
regional mobility systems and social complexity of Euro-
pean Palaeolithic societies.
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